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INTRODUCTION
This study was part of a larger investigation to interpret the paleoceanography of the middle Paleozoic western margin of Euramerica, in particular, the uppermost Devonian and lowermost Carboniferous of the southeasternmost Canadian Cordillera and adjacent Montana (Savoy, 1990 (Savoy, , 1992 . The succession is exposed in the Front and Main ranges of the foreland thrust and fold belt ( fig. 1) , and includes the Palliser, Exshaw, and Banff formations and unnamed pelitic rocks ( fig. 2 ). These strata represent some of the westernmost preserved, Devonian and Mississippian miogeoclinal rocks in this part of the Cordillera, and are critical to paleogeographic and paleotectonic interpretations of the middle Paleozoic outer craton and continental margin. This report makes available the data set for earlier and ongoing biofacies and taphonomic studies of latest Devonian and earliest Carboniferous conodonts in this region.
The Exshaw and lower Banff strata in the Front Ranges represent a shale-dominated interval between Devonian and Mississippian carbonate sequences. To the west, in the eastern Main Ranges of British Columbia (figs. 1 and 2, Lussier syncline), this tripartite division does not persist, and the entire Famennian to middle Tournaisian succession is shale. The middle Paleozoic sequence in the study area records significant environmental changes: (1) the termination of Palliser carbonate ramp deposition; (2) the onset and termination of low-oxygen conditions, represented by the Exshaw, and, locally, lower Banff formations; and (3) the subsequent progradation of a mixed siliciclastic-carbonate ramp represented by the middle and upper Banff Formation. A more detailed discussion of the sedimentology and environmental conditions is presented in Savoy (1990 Savoy ( ,1992 .
Seventeen sections (18-415 m thick) of this sequence and correlative strata (fig.l, Appendix 1) were measured and sampled for sedimentologic and conodont biostratigraphic and biofacies analysis to determine age and environmental relationships. For ease of reference, sections south of 50.5°N. latitude are included in the southern study area (SA), the primary focus of this investigation; those to the north are part of the northern study area (NA).
LITHOSTRATIGRAPHY AND DEPOSITIONAL SETTING
The lower member of the Palliser Formation, the Morro Member, was only examined in the southern area. This member consists of peloidal, grapestone-bearing, lime mudstone to packstone that was deposited on a partly restricted, shallow ramp ( fig. 3A) . The Morro is extensively burrowed and contains numerous Thalassinoides galleries. Near the international border, the upper part of the Palliser, the Costigan Member, consists mainly of thin-bedded to nodular skeletal wackestone that was deposited under more open marine conditions than the underlying Morro ( fig. 35 ).
The Exshaw Formation is chiefly laminated to wavy laminated black shale and siliceous mudstone and, in its type area (Bow Valley, NA), contains an upper member of burrowed siltstone ( fig. 4) . The black shale formed in oxygen-depleted (anaerobic to dysaerobic) conditions in an inferred relatively deep-water setting. The overlying Banff Formation is lithologically variable in the study area ( fig. 5 ). It formed along a prograding mixed siliciclastic-carbonate ramp. Its lower, deeper water deposits may consist of black and dark-gray shale; siltstone; phosphatic and siliceous mudstone; phosphatic and glauconitic, peloidal siltstone; and bedded radiolarian and spicular chert. Norris (1964 Norris ( ,1971 , Gibson (1985) , and Aitken (1988) . Modified from Savoy (1992) . Richards and others (1991) ; (2) Savoy (1990) and this report; (3, 4) Higgins and others (1991) , Richards and others (1991) , and Savoy (1990) ; (5) Carlson and LeFever (1987) , Holland and others (1987) , and Richards and others (1991) . The deep-water succession was deposited in anaerobic to marginally aerobic conditions. The clastic units in the lower Banff locally contain distal turbidites. The middle to upper Banff is primarily bioclastic packstone to grainstone that formed on an aerobic, middle to shallow ramp.
B
CONODONT BIOSTRATIGRAPHY AND BIOFACIES
The Palliser, Exshaw, and Banff formations, and the Lussier units produce distinct conodont assemblages that can generally be dated with reference to the standard Late Devonian and Early Carboniferous zonations (e.g., Sandberg and Ziegler, 1973; Sandberg and others, 1978; Klapper and Ziegler, 1979; Sandberg and Ziegler, 1979; Lane and others, 1980; Sandberg, 1984, 1990) . Many samples could be restricted to a single zone and at least one-third of the productive samples could be placed within a two-zone interval. With few exceptions, only samples with at least fourteen generically determinate elements were considered for biofacies evaluation. Table 1 lists all species identified for biofacies analysis in this study (in alphabetical order) and table 2 gives the age range of most of these species.
Of the several generalized Famennian and Tournaisian biofacies designated by other workers for inner platform to basin environments (e.g., Sandberg, 1976; Austin, 1976; Sandberg and Ziegler, 1979; Sandberg and Gutschick, 1979 , 1983 Austin and Davies, 1984; Sandberg and Dreesen, 1984; Varker and Sevastopulo, 1985) , only the more seaward biofacies were recognized in the Palliser, Exshaw, and Banff formations and correlative strata in this study. On the other hand, we have been able to subdivide these biofacies along a gentle bathymetric gradient. Although uncertainty concerning the ecologic preference(s) of the conodont animal makes interpretations of hard-part distribution tentative at best, these associations provide important information for developing depositional models. Conodont species lists, species distribution, and age and biofacies interpretation are given in tables 1-6.
Palliser Formation
Our best coverage for the Morro Member is in the Inverted Ridge area (figs. 1,6). Here, the Morro is ~120 m thick; its lower 90 m are poorly productive of conodonts. These indicate a Lower crepida Zone to Lower marginifera Zone age ( Johnston and Chatterton (1991) also recovered this species in the highest Palliser at this locality. Because apparatuses and some elements are more complete and more abundant than in the Morro Member, at least near the international border it is likely that the palmatolepids and A. varians lived at moderate to shallow depths on the Palliser ramp and that P. communis and P. semicostatus probably lived here as well. Samples from the highest Costigan in the Lizard Range contain chiefly P. semicostatus and rare A. varians, Bispathodus stabilis, P. communis and P. aff. P. experplexus. Polygnathus aff. P. experplexus suggests an expansa Zone age which is younger than the top of the Costigan in sections to the east and southeast. Specimens from these samples are very large and abraded suggesting hydraulic reworking. It may be that the top of the Palliser at this locality contains scattered lag concentrates that are considerably younger than the top of the Morro Member and, possibly, most of the Costigan Member in the southern area.
The highest Costigan was also sampled at sections in the northern area near the Bow Valley ( fig. 1 , table 3, and Appendix 1). These samples are likewise younger than those near the international border. Polygnathus experplexus, recovered 0.05 and 4 m below the top of the member at Mount Lorette and reported by Richards and Higgins (1988) from the highest Costigan at Jura Creek ( fig. 8 ), indicates a Lower to Middle expansa Zone age. The sample 4 m below the top also contains other nodose polygnathids including P. cf. P. subirregularis and P. aff. P. homoirregularis. If the form identified as cf. P. subirregularis has the same range as P. subirregularis, then the sample would be restricted to the Lower expansa Zone. Alternognathus regularis was recovered from the uppermost Costigan at Limestone Mountain, about 10 km south of Mount Lorette, and indicates an age range of Uppermost marginifera through Upper postern Zones (C.A. Sandberg, oral communication, 1992) . A sample -35 m lower produced abundant polygnathids and lesser numbers of Apatognathus varians, Palmatolepis marginifera marginifera, and Polylophodonta cf. Pol. linguiformis. This faunule indicates an interval within the marginifera Zone, possibly Lower marginifera Zone. The top of the Palliser at Limestone Mountain is older than the highest Palliser at Mount Lorette. Conodonts assignable to the trachytera to Middle expansa Zones occur in the highest Palliser at Mount Buller. At nearby Jura Creek ( fig. 8 ), however, conodonts restrict the age of the top of the Palliser to the Lower or Middle expansa Zone (Richards and Higgins, 1988) . Only one of our collections from the top of the Palliser (table 3, Mount Lorette) in the northern study area is biostratigraphically restrictive, and indicates the same age as at Jura Creek, about 15 km to the north. Species number enclosed in square indicates index species not found in this study but reported elsewhere; 39, Pofygnathus experplexus (from Richards and Higgins, 1988) ; 55, Siphonodella cooperi (from Macqueen and Sandberg, 1970) . 12
Our samples from the northern area contain mainly Polygnathus semicostatus, icriodontids, Apatognathus varians, P. communis, and Bispathodus stabilis. These faunas represent a polygnathid biofacies with postmortem addition of chiefly shallower water icriodontids.
Exshaw Formation
Few samples from the Exshaw Formation produced conodonts (table 4) . At Jura Creek, the type section of the Exshaw, conodonts indicating a latest Famennian age, Lower to Upper expansa Zone, were found in concretions in the lower black shale member ( fig. 8) Richards and Higgins (1988) recovered conodonts representative of Middle expansa to praesulcata Zones, including Bispathodus costatus, from the lower part of the black shale at Jura Creek. Macqueen and Sandberg (1970) reported early to middle Tournaisian siphonodellids from the upper black shale at Jura Creek, and lower part of the overlying siltstone member elsewhere in the Bow Valley.
Conodonts from the upper part of the 50-meter-thick Exshaw at Mount Frayn ( fig. 1 and table 4) near the northern limit of the southern study area indicate a Lower expansa Zone, into Middle praesulcata Zone age. The very thin Exshaw at Inverted Ridge, near the international boundary, produced Palmatolepis gracilis subsp. indet. and other long-ranging forms which merely indicate a middle to late Famennian ( fig. 6 ).
Banff Formation
The Banff Formation, near the international border, is a progradational, shallowing-upward, mixed chert-siliciclastic-carbonate succession of chiefly late Tournaisian age. "Hindeodella" segaformis, Doliognathus lotus, and Scaliognathus anchoralis in the phosphatic and siliceous mudstone and limestone 17m above the top of the Palliser at North Lost Creek (table 5) indicate the Upper typicus to upper anchoralis-latus Zones;"//". segaformis, bactrognathids, and bispathodids also occur in the basal Banff at Inverted Ridge ( fig. 9 and table 5). Most specimens are broken and abraded. If these taxa lived in this basinal to deep ramp environment, it is likely that they did so in small numbers. Interestingly, only bactrognathids increase in abundance higher in the section. The succeeding 80 m of siliceous mudstone, limestone, and siltstone are even more poorly productive of conodonts. Samples produced Polygnathus communis, and rare Hindeodus crassidentatus and Bispathodus aff. B. stabilis. These taxa may have lived in small numbers along this deep to middle part of the ramp. The upper 90 m of the Banff are chiefly crinoidal packstone that produced a more abundant but low-diversity fauna ( fig. 9 and table 5). Varying ratios of three species dominateBactrognathus hamatus, Polygnathus communis, and//, crassidentatus; Synclydognathus geminus and Bispathodus aff. B. stabilis form minor components. These conodonts also are of a late Tournaisian age (uppermost typicus to upper anchoralis-latus Zones). Polygnathus communis decreases as //. crassidentatus increases upsection; likewise S. geminus, a relatively shallow-water form, increases in the highest part of the section. These conodonts probably lived in this hydraulically active regime of the shallow ramp. This litho-and biofacies succession is consistent for most sections studied in the international boundary area. At Crowsnest Pass ( fig. 7) , however, an interval 3 to 10 m above the base of the Banff yielded rare to abundant conodonts of middle Figure 9 . Conodont distribution in the Banff Formation at composite section for Inverted Ridge I and n, western Front Ranges (SA). Long, heavy tick on right of lithologic column indicates conodont sample; short tick indicates barren sample or yield inappropriate for biofacies analysis. Conodont species are shown in order of decreasing abundance from left to right; vertically stacked species are equally abundant. See figure  6 for explanation of all symbols and tables 1 and 2 for species identification.
14 Tournaisian age. All samples but the highest contain siphonodellids such as Siphonodella isosticha, S. isosticha-obsoleta, and S. crenulata. Siphonodellids also occur 25 m above the base of the Banff at Mount Frayn (table 5). All these middle Tournaisian samples represent the siphonodellid biofacies, with postmortem admixtures of shallower water forms. Lithofacies and abundant Siphonodella indicate deep-water deposition.
The Banff is well exposed at sections in the northern area. Siphonodella cf. S. isosticha occurs 10m above the base of the formation at Mount Buller indicating a middle Tournaisian age similar to the lowermost Banff in some southern sections ( fig. 8) Macqueen and Sandberg, 1970; Richards and Higgins, 1988; Higgins and others, 1991) . Higgins and others (1991) provide a biofacies analysis for basin to restricted shelf deposits during Early Carboniferous time for an extensive part of the Canadian Cordillera primarily north of our study area. A direct comparison between their biofacies models and ours cannot be made because the same environments in each area are not time equivalent and are thus represented by different species associations.
Correlative units in the Lussier syncline
The Lussier syncline lay in a basinal setting during Famennian through at least middle Tournaisian time. The lower 125 m of the section are poorly exposed, laminated black to wavylaminated dark-gray shale and radiolarian mudstone. One concretion from the lower part of this interval yielded abundant palmatolepid apparatuses as well as very rare Polygnathus sp., and icriodontids, which, on the basis of taphonomy, were winnowed from shallower water ( fig. 10 and  table 3 ). The palmatolepids indicate an Upper crepida or lowermost rhomboidea Zone age. Another collection, ~40 m higher in the shale sequence, produced Gnathodus punctatus indicating an isostichaUpper crenulata Zone to Lower typicus Zone age (table 5) . Thus, the Devonian-Carboniferous boundary is within the shale. A concealed interval of ~100 m is followed by partly dolomitized and silicified bioclastic packstone and chert that are assigned to the Banff Formation(?). Samples from near the base of the Banff(?) produced chiefly Bispathodus sp., Cloghergnathus sp., Hindeodus crassidentatus, and Taphrognathus varians indicating an age probably no older than the texanus Zone and thus the youngest Banff(?) in the study area. Westward-prograding carbonate facies should be younger in this westernmost section. 
PALEOGEOGRAPHIC SETTING
Lithologic and conodont biostratigraphic, taphonomic, and biofacies analyses were used to interpret the latest Devonian and earliest Carboniferous paleogeography of this part of the Cordillera (figs. 11-15 and table 6). Figure 11 is a composite paleographic diagram for early and middle Famennian time (Upper crepida through Lower marginifera Zones). The Morro and Costigan lithofacies formed on the shallow to middle part of a carbonate ramp and the Lussier shales formed in the basin to the west During Upper crepida to Lower marginifera time, icriodontids lived in the shallowest ramp facies with low numbers of nodose polygnathids and apatognathids. Apatognathus varians, Polygnathus semicostatus and lesser Palmatolepis stoppeli -Pa. marginifera lived in a deeper part of the shallow ramp. Icriodontid coniform elements were winnowed into this and even deeper parts of the ramp; more rarely, storms contributed robust polygnathids and icriodontid platform elements. The palmatolepids and relatively smooth polygnathids predominated over the middle ramp. This environment appears to have been the outer range for P. semicostatus and A. varians and possibly the inner range for Pa. glabra. Typical, more delicate palmatolepids lived, from time to time, in the basin. Generally, middle Paleozoic basin shales contain relatively few indigenous conodonts except as a consequence of postmortem concentration.
The top of the Costigan is of middle to late Famennian age (trachytera to expansa Zones) in the northern area, and formed on the shallow to middle ramp ( fig. 12 ). Although species associations are somewhat different than during older Costigan time to the south, morphotypes are similar. Polygnathus semicostatus and P. communis and possibly Apatognathus varians lived along this part of the ramp. Bispathodus stabilis is rare and icriodontid winnows are common. P. experplexus is common in the uppermost Costigan only at Mount Lorette.
Two Exshaw localities produced conodonts of latest Famennian age ( fig. 13 ). The conodonts are representative of the palmatolepid-bispathodid biofacies. Palmatolepis gracilis sigmoidalis is most common and probably lived in low numbers in and near this environment and the same may apply to Polygnathus communis and the bispathodids. Rarer icriodontids and apatognathids are considered postmortem winnows.
Four lower Banff localities indicate the isosticha-Upper crenulata Zone of middle Tournaisian age and another locality at Limestone Mountain may be the same or slightly older age ( fig. 14) . These deposits formed on the deep ramp. A lag concentrate from Crowsnest Pass represents a siphonodellid-polygnathid biofacies that strongly suggests these forms lived in low numbers within and (or) close to this environment. The lower to middle Banff near the international border also formed in a deep ramp to basin setting in late Tournaisian time ( fig. 15A ). This was the outer range for winnowed "Hindeodella" segaformis fragments even though the conodont probably lived nearby. Doliognathus, Scaliognathus, Bispathodus, and polygnathids were living in low to moderate numbers in this or nearby environments ( fig. 15A ). Higher in the Banff, and on the carbonate ramp, these same localities are within the bactrognatnid-polygnathid-hindeodid biofacies composed of Bactrognathus hamatus, Polygnathus communis, andHindeodus crassidentatus ( fig. 155 ) The dominance and consistent association of these species indicate they lived in this environment. Samples of late Tournaisian age from the upper Banff in the northern area represent a polygnathidhindeodid biofacies ( fig. 155 ).
EARLY AND MIDDLE FAMENNIAN TIME
(crepida to Lower margin if era Zones) Figure 11 . Cartoon showing conodont species associations (biofacies) in a ramp to basin setting (Palliser to Lussier shale facies) during early to middle Famennian time (crepida to Lower marginifera Zones). All samples are from the southern area. Sections (circles) palinspastically restored; solid circles indicate sections that produced diagnostic conodonts for biofacies and biostratigraphic analysis for this time interval. The number of conodonts in an area is proportional to species distribution in our samples. N = number of specimens identified to genus. Conodonts interpreted as indigenous and lacking significant postmortem transport are oriented parallel to depositional strike. Those transported into or within an environment are oriented at various angles; conodonts perpendicular to depositional strike have moved the farthest; posterior end of element indicates direction of postmortem transport. See table 1 for species identification, figure 6 for identification of lithologic symbols, and figure 13 for identification of sections.
MIDDLE AND LATE FAMENNIAN TIME (trachyterato expansaZones)
"5s -100%
L 0 L*5AO Figure 12 . Cartoon showing conodont species associations (biofacies) in a ramp setting (Palliser facies) during middle and late Famennian time (trachytera to expansa Zones). All samples are from the northern area. Sections (circles) palinspastically restored; solid circles indicate sections that produced diagnostic conodonts for biofacies and biostratigraphic analysis for this time interval. The number of conodonts in an area is proportional to species distribution in our samples. N = number of specimens identified to genus. Conodonts interpreted as indigenous and lacking significant postmortem transport are oriented parallel to depositional strike. Those transported into or within an environment are oriented at various angles; conodonts perpendicular to depositional strike have moved the farthest; posterior end of conodont indicates direction of postmortem transport. See figure 11 for explanation of symbols, figure 13 for section identification, and table 1 for species identification.
LATE FAMENNIAN TIME (expansa and praesulcata Zones) H-S3 
CONCLUSION
The Palliser to Banff depositional succession formed in dynamic environments that produced comparatively few determinate conodonts possibly due to movement of material downslope and turbidity, as well as bioturbation. In addition, a substantial volume of this succession contains rock types from which conodonts cannot be adequately recovered. Temporally and spatially, parts of the ramp probably did not support large conodont populations. The remains of conodonts that did live along the ramp underwent abrasive and possibly long-term transport that tended to grind and break elements into indeterminate fragments. Moreover, extensive burrowing and some boring wreaked additional havoc on elements that had barely survived hydraulic transport. 1Base and top of shale not exposed; collection -39 m above base of exposed section. Zstratigraphic position above base of Exshaw Formation, in meters. 3Base of Banff Formation not exposed; measurement given in meters above base of lowest exposed Banff. 4stratigraphic position above base of Banff Formation, in meters. Sstratigraphic position above base of section, in meters; lower -125 m are shale unit and succeeding -100 m are covered. 
